Summary.-Fifty-one subclones from carcinogen-treated cells of 3 tissues (kidney, liver and prostate) of the male Chinese hamster have been studied to determine the relationships of 3 criteria of in vitro transformation: morphological change, increased plating efficiency and growth in soft agar. There was no correlation between increased plating efficiency and the other 2 parameters. Morphological change was not always easily recognisable, particularly in cells derived from liver, and was not always a stable feature of any given subclone. This may be due to the technique of isolation used (ring cloning) or may be due to chemically-treated cells requiring long periods of culturing before attaining a stable phenotype. When a stable morphological appearance was achieved, there was good correlation between transformed morphology and colony formation in soft agar.
Two systems for the quantitation of in vitro cell transformation following treatmenit with chemical carcinogens have been widlely used. One system uses Syrian hamster embryo cells (Berwald and Sachs, 1963; DiPaolo and Donovan, 1967; DiPaolo et al., 1969a DiPaolo et al., , 1969b DiPaolo et al., , 1971 and the other uses C3H mouse prostate cells (Chen anid Heidelberger, 1969a, b) or a cloned line of C3H mouse embryo cells which has recently been established (Reznikoff et al., 1973a, b) . As a means of quantifying the effects of the chemical, morphological changes have been scored. In the Syrian hamster system these are changes to fusiform cells growing in a random criss-cross pattern, and in the C3H mouse systems they are changes to the ability to form multilayered foci against a normal monolayer background. With each of these systems a reasonable degree of correlation has been reported between morphological transformation and tumour production on transplantation into suitable hosts, although a recent report by Sanford et al. (1974) suggests that fusiform, criss-crossed Syrian hamster cells are not necessarily malignant, and that tumours often arise from morphologically normal cells.
In the present study we have attempted to assess the potential of a similar transformation system using Chinese hamster cells from 3 different tissues with 3 different carcinogens. In so doing, morphological changes have been noted in experimental cultures, and by cloning areas of different morphology, attempts have been made to determine whether morphological transformation correlated with other characteristics said to be exhibited by transformed cells such as increased plating efficiency (Frei and Oliver, 1972) and growth in soft agar. The ability of transformed rodent cells to grow in soft agar has previously been shown to correlate well with tumour production (Kirkland and Pick, 1973; Kirkland, Harris and Armstrong, 1975; Evans and DiPaolo, 1975) .
Following a number of conflicting reports on whether or not non-random chromosome changes accompanied chemical transformation or chemical induction of tumours, it was also decided to examine the karyotype of a number of clones obtained from experimental cultures. One of the main advantages of using Chinese hamster cells is that they possess only 22 chromosomes and hence karyotypic analysis is facilitated. A detailed report of these observations, showing good correlations between growth in soft agar and appearance of marker chromosomes, is presented elsewhere (Kirkland and Venitt, 1976) .
The data presented here show that no correlation exists between plating efficiency and either altered morphology or growth in soft agar. On the other hand, there is fairly good agreement between transformed morphology and agar growth when morphology is assessed at the time of the agar test. However, the morphology at this time may be different from that observed at the time of cloning from experimental cultures. The possible reasons for this change and the complications it introduces to the quantitative in vitro assessment of chemical carcinogens are discussed.
MATERIALS AND METHODS

Media
Cells were grown in a mixed-serum medium which Yerganian and Lavappa (1971) (Puck, Marcus and Cieciura, 1956 (iii) Transformation assay.-9-cm plastic dishes (Sterilin) were seeded with 5 x 103 or 5 x 104 cells (depending on survival after treatment) and were treated as above (10 dishes per treatment). The carcinogen-containing medium was removed, the cultures were fed weekly for 4-5 weeks, and observed regularly for morphological changes. This is about the same post-treatment time as is required for C3H mouse cells to develop altered morphology (Chen and Heidelberger, 1969a, b; Reznikoff et al., 1973b) and is much longer than the 10-day post-treatment period after which colonies of transformed Syrian hamster cells are recognizable (Berwald and Sachs, 1963; DiPaolo and Donovan, 1967; DiPaolo et al., 1969a DiPaolo et al., , b, 1971 .
Altered colonies were generally not seen until this period had elapsed, at which time the majority of plates were stained with methylene blue, the morphological transformants counted and these counts related to known survival to give frequencies of transformation. At the same time, marked colonies of different morphological types from unstained treated and untreated cultures were isolated by ring cloning (Puck et al., 1956) . If the isolated subclones were seen to be heterogeneous then recloning was carried out by the same procedure, and the resultant subclones, when cultured to sufficient numbers (5-6 passages), were subjected to various tests. Growth in soft agar, plating efficiency studies and karyotype analysis could not be carried out before this time due to the small numbers of cells in the growing subelones. A comparison of the morphologies of subelones with their respective appearance at isolation would not have been practicable or accurate at an earlier time due to the fact that transformed morphologies involving disorientation and piling-up are not apparent until cell-crowding occurs.
Tests on subclones isolated from treated and untreated cultures (i) Plating efficiency (PE).-102 and 103 cells were seeded in 5-cm plastic dishes in quintuplicate, the plates were re-fed at 7 days and stained at 12-14 days, when the colonies were counted.
(ii) Morphology.-Isolated colonies from the PE experiments (i.e. 12-14-day colonies)
were observed microscopically to re-determine the morphology of the subelone for comparison with the morphology noted at the time of isolation.
(iii) Colony formation in soft agar.-Single-cell suspensions from each subclone were tested for their ability to grow to form colonies in soft agar by the method described by Kirkland and Pick (1973) .
(iv) Karyotype analysis. -The procedures and results of analysis of the karyotypes of kidney and prostate subelones are reported elsewhere (Kirkland and Venitt, 1976 (Figs. 5a and 5b ). This change was more easily recognized in kidney (Fig. 4) cultures. Altered CHMP/E cells (Fig. 6b (Table I) . Table II . t Oine variant not tested in agar (see Table II ). jtA = Small colonies which mzay be of normal cells which can ulndlergo 3-5 divisions in agar.
Thirty-six attempts to isolate and test 46 subelones from MBA-treated and untreated CHMLi/H cultures were successful and included both normal and transformed morphological types. The data for PE, growth in agar and morphology for the 36 liver subelones are shown in Table II , and some of the data are summarized in Table III . It is clear that not onily does the morphology of a number of subelones apparently change during the 5-6 passages between isolation and test, but that a number of subelones seemed able to undergo limited growth in soft agar, thus making it difficult to distinguish whether this was in excess of the 3-5 divisions which normal cells can undergo in agar (Macpherson and Montagnier, 1964) .
Examination of those agar-growth results which were either clearly negative or clearly positive (Tables II and III) showed that, of 23 subelones which were classified as morphologically transformed either when isolated or when subsequently checked, only 13 were clearly able to form colonies in agar. This lack of correlation may well be a reflection of the apparently changing morphology. Thus, examination of those 24 subelones whose morphology persisted (Table III) revealed that only 1 out of 13 normal subclones compared with 7 out of 11 transformed subclones were clearly positive in agar.
Once again it is clear from PEs ranged from 070o to 67% for those subelones clearly positive in agar.
Of 15 attempts to isolate subclones from MNU-treated and untreated CHMP/E cultures, 9 were successful, and (Table IV) shows an obvious correlation between transformed appearance and growth in soft agar.
DISCUSSION
A recent paper by Sanford et al. (1974) showed that morphological changes which Sanford et al. (1974) have not yet been possible. However, good agreement has been reported between tumourigenicity and growth in soft agar (Kirkland and Pick, 1973; Kirkland et al., 1975; Evans and DiPaolo, 1975) or in a comparable methyl cellulose suspension medium (Freedman and Shin, 1974) . It would therefore seem justifiable, for the present, to take growth in soft agar as one indicator of malignancy. Using this as a criterion, from the data presented (Tables I-IV) there appears to be great variation between the 3 cell types studied in the predictability of malignant transformation from morphological changes. Only the subclones isolated from CHMK/H cultures showed stable morphological change correlating with growth in agar (Table I) (Sanford et al., 1974; Kirkland et al., 1975 (Tables II and III) and hence the poor correlation between morphology and growth in soft agar.
Morphologically transformed prostate cells were more easily recognizable (Fig. 6 ) than transformed liver cells, but some isolated subelones still changed their appearance (Table IV) . Two possible reasons for this are: (i) the colonies which were isolated by ring cloning were not homogeneous, and normal and transformed cells growing together in the subelone were not distinguishable one from another, or (ii) at the time of isolation, the cells in the subclone had not achieved a stable phenotype. This latter possibility is indicated by the fact that several passages later there was a good correlation between morphology and growth in agar (Table  IV) . It is interesting to note here that Evans and DiPaolo (1975) state that guinea-pig cells take 4-18 months of culturing after treatment to achieve full expression of the ability to grow in soft agar and to produce tumours.
Whatever the reason for the timedependent variation in morphology in ostensibly pure subelones, the task of correlating chemically-induced morphological transformation with malignant change becomes very difficult.
The clearest conclusion to be drawn from the results presented here is that, for Chinese hamster cells at least, there is no correlation between PE and other properties of transformed cells such as altered morphology and growth in soft agar. Chinese hamster cells would appear to differ from mouse cells (Frei and Oliver, 1972) in this respect.
Despite the number of reports published on chemically-induced transformation in recent years, discrepancies still arise when attempts are made by other workers to repeat previously reported experiments (Sanford et al., 1974) 
